nfective endocarditis (IE) is associated with a poor prognosis, carrying an in-hospital mortality rate of 20%. [1] [2][3] Cerebral complications of IE are reported in 15% to 40% of patients and increase early and late mortality.
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Methods

Design and Patients
The ECHO-IMAGE (Endocardite CoHOrte -Imagerie par resonance Magnétique à la phase AiGuë de l'Endocardite infectieuse) study is a prospective, ongoing single-center study that includes adults with acute IE. Inclusion criteria have been previously described. 10 Briefly, patients were included consecutively between 2005 and 2008 if they had definite or possible acute IE according to the Duke modified criteria and they systematically underwent a cerebral MRI within 7 days after inclusion, whenever possible, unless contraindicated. The study was approved by the local ethics committee. Written informed consent was obtained from all patients. We analyzed the first 120 patients of the IMAGE study cohort, who had left-sided IE and who underwent early cerebral MRI, before surgery for operated patients (Figure 1 ).
Measurements and MRI Interpretation
Transthoracic echocardiography was performed in all patients at inclusion using a standardized procedure. Transesophageal echocardiography was performed in 114 (95%) patients. Valvular regurgitation was assessed semiquantitatively on a scale from 0 (no regurgitation) to 4 (severe regurgitation). Vegetation length was measured in multiple views and the largest measurement was retained. Vegetation mobility was categorized from 0 to 4 and considered severe (grade 4/4) if the vegetation prolapsed beyond the coaptation plane. 11 If multiple vegetations were present, the largest vegetation was evaluated.
Repeated blood cultures and serological tests for microorganisms responsible for IE with negative blood cultures were performed in all patients. Broad range polymerase chain reaction for bacteria (16S rRNA) was performed on valvular specimen, when available.
Then, 1.5-Tesla MRI was performed as previously reported and analyzed ischemic lesions, parenchymal hemorrhage, subarachnoidal hemorrhage, brain abscess, microbleeds (also called microhemorrhages), and aneurysms. 10 Acute or subacute ischemic lesion was defined on diffusion-weighted images as a hyperintense signal with restricted or normalized apparent diffusion, respectively. For infarct size, we distinguished territorial ischemic lesions (infarction of an arterial cortical or subcortical territory secondary to a proximal cerebral artery occlusion) from small cortical and subcortical ischemic lesions. Hemorrhagic lesions comprised acute and chronic parenchymal and pericerebral bleeding, that is, subarachnoidal hemorrhage or subdural hematoma, detected on T2* gradient-recalled and fluid-attenuated inversion recovery sequences. 12 Parenchymal bleeding did not include hemorrhagic transformation of ischemic infarcts. Microbleeds were defined as round T2* hypointensities with diameter ≤10 mm, as previously described. [13] [14] [15] Interobserver concordance was previously analyzed in 60 patients and was shown to be satisfactory with κ coefficients between 0.72 and 0.91 according to the type of cerebral lesion. 10 
Statistical Analysis
Continuous variables were expressed as median and interquartile range (IQR; 25th-75th percentiles). Categorical variables were expressed as numbers and percentages. To avoid the exclusion of patients without vegetations from the multivariate model, we coded 0 for vegetation size and mobility for patients without vegetation for the purpose of the analysis of factors associated with cerebral lesions.
Univariate analysis of factors associated with ischemic lesions and microbleeds used the Wilcoxon test for continuous variables and the χ 2 test or Fisher test for categorical variables. Univariate analysis included 22 variables listed in Table 1 . Microorganisms were divided into Staphylococci and nonidentified or other microorganisms. Variables significant with P<0.10 in univariate analysis were included in a logistic model and selected using a backward selection procedure and a significance level of P=0.05. The best association between vegetation length and cerebral ischemic lesions was determined using the Youden test applied to the receiver operating characteristic curve. Analyses were performed with SAS statistical software (version 9.2; SAS Institute, Cary, NC).
Results
Study Population
Patient characteristics are shown in Table 1 . Endocarditis occurred on a native valve in 82 patients (68.3%) and on a prosthetic material (further designated as prosthetic IE) in 38 (31.7%), comprising 20 patients with mechanical prostheses, 16 with bioprostheses, and 2 with mitral valve repair using a prosthetic ring. Most frequent microorganisms were Streptococci in 47 patients (39.2%) followed by Staphylococci in 36 patients (30.0%). During the acute phase of IE, 32 patients (24.1%) had signs of congestive heart failure and 15 (12.5%) had neurological symptoms (Table I in the onlineonly Data Supplement) .
Echocardiography showed vegetations in 75 patients (62.5%) with a median length of 10.0 mm (IQR 8.0-30.0; range 2.0-45.0). Vegetation length was not available in 1 patient. Vegetation mobility was graded 1 in 2 patients (3.0%), 2 in 17 (25.0%), 3 in 29 (42.6%), and 4 in 20 (29.4%). Vegetation mobility was not assessed in 9 patients. In Tables 1  through 3 , vegetation length and mobility were coded 0 for patients who did not have vegetations. In the whole population, maximum vegetation length was >4 mm in 69 patients (60.0%), >10 mm in 36 patients (30.3%), and >15 mm in 18 patients (15.1%).
Fifty-eight (48.3%) patients underwent valvular surgery during the acute phase. In-hospital mortality was 13.3% (16 patients) . Neurological complications contributed to death in 3 patients, none of whom had been operated on.
At the end of hospitalization, 99 patients (82.5%) had definite IE and 21 (18.5%) had possible IE according to the modified Duke classification.
Cerebral MRI Findings
Cerebral MRI revealed ≥1 cerebral abnormality related to IE in 99 (82.5%) patients. All 15 patients with neurological symptoms had abnormal MRI. Of the 105 patients without neurological symptoms, 84 (80.0%) had abnormal cerebral MRI.
Acute ischemic lesions were detected in 64 patients (53.3%) and corresponded, either singly or in combination, to territorial ischemic strokes in 32 patients and to small ischemic lesions in 57. Microbleeds were present in 72 patients (60.0%) with a median number of 4 (IQR 2-10) microbleeds per patient. Forty-one patients (34.2%) had both ischemic lesions and microbleeds, but there was no concordance between the presence of ischemic lesions and microbleeds (κ=0.09). Intraparenchymal hemorrhagic lesions were present in 10 patients (8.3%), subarachnoidal hemorrhage in 13 (10.8%), and cerebral abscesses in 8 (6.7%). There was no concordance between the presence of microbleeds and intraparenchymal hemorrhagic lesions (κ=0.03; Table II in the online-only Data Supplement).
Factors Associated With Cerebral Ischemic Lesions
Univariate analysis of the factors associated with the presence of cerebral ischemic lesions is detailed in Table 2 . Factors included in the multivariate logistic model were: time between inclusion and MRI, diabetes mellitus, intravenous drug use, vegetation length, severe regurgitation, prior anticoagulant therapy, and IE due to Staphylococcus aureus. In multivariate analysis, the 2 factors associated with cerebral ischemic lesions were vegetation length (odds ratio 1.10 per mm; 95% confidence interval 1.03-1.16; P=0.003) and IE due to S. aureus (odds ratio 2.65; 95% confidence interval 1.01-6.96; P=0.05).
A threshold of 4 mm was identified as the best cut-off value for the relationship between vegetation length and cerebral ischemic lesions. Of the 69 patients who had maximal vegetation length >4 Figure 2 ). Figure 3 shows the distribution of territorial and small cerebral ischemic lesions according to the vegetation size.
Factors Associated With Cerebral Microbleeds
Univariate analysis of the factors associated with the presence of cerebral microbleeds is detailed in 
Discussion
Systematic cerebral MRI detected frequent ischemic lesions and microbleeds during acute IE, but there was no relationship between the presence of these 2 types of lesions. Vegetation length and the type of microorganism were associated with ischemic lesions. Conversely, in this study, the only factor associated with microbleeds was the occurrence of IE on a prosthetic valve.
Factors Associated With Ischemic Lesions
Embolic events occur in 20% to 40% of patients with acute IE according to clinical criteria. Systematic cerebral CT scan shows an additional 5% to 8% frequency of silent embolic events. 5, 16 Two studies including 60 and 56 patients undergoing systematic cerebral MRI during IE found 30% and 70% of abnormalities, respectively, in patients without neurological symptoms. 8, 9 Vegetation length has been related to the presence of symptomatic embolic events in IE. Vegetation length ≥10 mm is a marker of a high embolic risk and this threshold is used in recommendations for valvular surgery during acute IE to prevent recurrent embolic events. [17] [18] [19] This threshold of 10 mm was based on symptomatic embolic events or, less frequently, to CT scan. 5, 6, [16] [17] [18] In the present series, the high sensitivity of cerebral MRI allowed for the detection of embolic lesions in 53.3% of patients, most of them being small lesions usually not detected by CT scan. Vegetation length was a strong predictive factor of embolic events in multivariate analysis in the present series, and a vegetation length >4 mm was the best threshold for the prediction of embolic events. In the multivariate model, an increase of 1 mm of vegetation length was associated with a 10% increase in the risk of ischemic lesions. Vegetations, regardless of their size, are prone to embolize in the brain, and small embolic events are more likely to be asymptomatic and detected only using highly sensitive imaging. In the present series, S. aureus was associated with a higher rate of embolic events, as previously reported. 6, 16, 20 Long-term consequences of small ischemic lesions are not known. Silent ischemic lesions detected by CT scan had no impact on midterm survival after IE. 4 Neuropathologic data suggest, however, that cerebral microinfarcts increase the risk of cognitive alteration and dementia.
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Factors Associated With Microbleeds
Only 1 retrospective study including 24 patients used cerebral MRI with T2* sequences and found a consistent frequency of 54% of microbleeds during IE. 22 Microbleeds represent areas of hemosiderin deposits in relation to microvascular injury and have been described in the elderly with cerebrovascular disease and also in apparently healthy individuals. 14, 15 A prevalence between 3% and 24% has been reported in population-based studies, and the 2 most frequently associated factors were age and hypertension. 15 Cerebral microbleeds are also associated with higher levels of blood inflammatory markers in asymptomatic neurological patients. 23 In addition, they have been associated with a decline in cognitive function. 24, 25 In the present series, cerebral microbleeds were detected in as many as 59.2% of patients, although their mean age was only 60 years. Although we cannot exclude the possibility that certain patients had pre-existing microbleeds, the strong relationship between the presence and number of microbleeds and IE shown in a prior case-control study suggests a specific relationship between IE and microbleeds. 12 In the present study, the weak concordance between ischemic lesions and microbleeds suggests different underlying mechanisms. This is further confirmed by the difference in their respective predictive factors. Vegetation size and the type of microorganism were not associated with the presence of cerebral microbleeds, suggesting that microbleeds are not related to a microembolic process. The only factor associated with microbleeds was the occurrence of IE on a prosthetic valve. This was not due to anticoagulant therapy because microbleeds were not more frequent in patients with mechanical prostheses than in those with bioprostheses. In addition, anticoagulant therapy was not associated with the presence of microbleeds in multivariate analysis. Microbleeds were not only more frequently observed, but also more numerous in patients with prosthetic IE than in those with native IE. It is not clear whether microbleeds might be related to the prosthesis itself or to other causes, such as redo cardiac surgery or debris after valve explantation. Microbleeds have 
Stroke
November 2013 been observed after valve surgery and could be attributed to air emboli relative to air entrapment after opening of heart chambers. 26 However, microbleeds were also highly prevalent in almost half of the patients with IE on a native valve.
Study Limitations
A previously reported 6-month follow-up did not show a relationship between the type of cerebral lesion and mortality. 10 However, long-term follow-up, including neurological assessment, is needed to evaluate the prognostic value of small ischemic lesions and microbleeds, in particular their consequences on cognitive functions.
Referral bias cannot be excluded in this cohort originating from a tertiary center. Selection bias may be related to those patients needing emergency surgery and in whom MRI could not be performed before surgical intervention.
Conclusions
In addition to territorial ischemic lesions, systematic cerebral MRI during IE also frequently detects small ischemic lesions, which share the same predictive factors (ie, vegetation length and the type of microorganism). The high sensitivity of MRI shows that vegetations >4 mm length are associated with cerebral embolic lesions. Microbleeds are also frequently detected but seem to be independent from ischemic lesions and are not associated with predictive factors of embolic events. The clinical impact of these lesions on long-term mortality or cognitive functions needs to be evaluated by specific follow-up studies. Microbleeds inside or close to parenchymal hemorrhage were not taken into account.
Microbleeds were not defined according to a precise distance from intraparenchymal haemorrhage, but they were taken into account if they were located in a different cerebral lobe of in a controlateral hemisphere. In the present study, we analysed the relationship between clinical, microbiological and echocardiographic characteristics of patients with IE and the most frequent cerebral lesions detected by systematic cerebral MRI in 120 patients with left-sided IE from a prospective cohort.
No microbleeds Microbleeds
METHODS
Design and Patients
The IMAGE-ECHO IMAGE study is a prospective ongoing single-center study which includes adults with acute IE. Inclusion criteria have been previously described.(10) Briefly, patients were included consecutively between 2005 and 2008 if they had definite or possible acute IE according to the Duke modified criteria and they systematically underwent a cerebral MRI within 7 days following inclusion, whenever possible, unless contraindicated. The study was approved by the local ethics committee. Written informed consent was obtained from all patients. We analyzed the first 120 patients of the IMAGE study cohort, who had left-sided IE and who underwent early cerebral MRI, before surgery for operated patients (Figure 1 ).
Measurements and MRI Interpretation
Transthoracic echocardiography (TTE) was performed in all patients at inclusion using a standardized procedure. Transesophageal echocardiography (TEE) was performed in 114 (95%) patients. Valvular regurgitation was assessed semi-quantitatively on a scale from 0 (no regurgitation) to 4 (severe regurgitation). Vegetation length was measured in multiple views and the largest measurement was retained. Vegetation mobility was categorized from 0 to 4 and considered severe (grade 4/4) if the vegetation prolapsed beyond the coaptation plane. (11) If multiple vegetations were present, the largest vegetation was evaluated.
Repeated blood cultures and serological tests for microorganisms responsible for IE with negative blood cultures were performed in all patients. Broad range polymerase chain reaction for bacteria (16S rRNA) was performed on valvular specimen, when available. 
RESULTS
Study population
Patient characteristics are shown in Table I Fifty-eight (48.3%) patients underwent valvular surgery during the acute phase. In-hospital mortality was 13.3% (16 patients). Neurological complications contributed to death in 3 patients, none of whom had been operated on.
Cerebral MRI findings
Cerebral MRI revealed at least one cerebral abnormality related to IE in 99 (82.5%) patients.
All 15 patients with neurological symptoms had abnormal MRI. Of the 105 patients without neurological symptoms, 84 (80.0%) had abnormal cerebral MRI.
Acute ischemic lesions were detected in 64 patients (53.3%) and corresponded, either singly or in combination, to territorial ischemic strokes in 32 patients and to small ischemic lesions in 57. Microbleeds were present in 72 patients (60.0%) with a median number of 4 (IQR 2-10) microbleeds per patient. Forty-one patients (34.2%) had both ischemic lesions and microbleeds, but there was no concordance between the presence of ischemic lesions and microbleeds (kappa=0.09). Intraparenchymal hemorrhagic lesions were present in 10 patients 8 (8.3%), subarachnoidal hemorrhage in 13 (10.8%) and cerebral abscesses in 8 (6.7%). There was no concordance between the presence of microbleeds and intraparenchymal hemorrhagic lesions (kappa=0.03) (Supplemental Table II ).
Factors associated with cerebral ischemic lesions
Univariate analysis of the factors associated with the presence of cerebral ischemic lesions is detailed in Table 2 
Factors associated with cerebral microbleeds
Univariate analysis of the factors associated with the presence of cerebral microbleeds is detailed in Table 3 . Factors included in the multivariate logistic model were prosthetic valve IE, previous IE, vegetation length, regurgitation ≥grade 3/4 and prior anticoagulant therapy.
In multivariate analysis, the only factor associated with cerebral microbleeds was prosthetic 
DISCUSSION
Systematic cerebral MRI detected frequent ischemic lesions and microbleeds during acute IE but there was no relationship between the presence of these two types of lesions. Vegetation length and the type of microorganism were associated with ischemic lesions. Conversely, in this study, the only factor associated with microbleeds was the occurrence of IE on a prosthetic valve.
Factors associated with ischemic lesions
Embolic events occur in 20 to 40% of patients with acute IE according to clinical criteria. In the present study, the weak concordance between ischemic lesions and microbleeds suggests different underlying mechanisms. This is further confirmed by the difference in their respective predictive factors. Vegetation size and the type of microorganism were not associated with the presence of cerebral microbleeds, suggesting that microbleeds are not related to a micro-embolic process. The only factor associated with microbleeds was the occurrence of IE on a prosthetic valve. This was not due to anticoagulant therapy since microbleeds were not more frequent in patients with mechanical prostheses than in those with bioprostheses. In addition, anticoagulant therapy was not associated with the presence of microbleeds in multivariate analysis. Microbleeds were not only more frequently observed, but also more numerous, in patients with prosthetic IE than in those with native IE. It is not clear whether microbleeds might be related to the prosthesis itself or to other causes, such as redo cardiac surgery or debris after valve explantation. Microbleeds have been observed after valve surgery and could be attributed to air emboli relative to air entrapment following opening of heart chambers.(26) However, microbleeds were also highly prevalent, in almost half of the patients with IE on a native valve.
Study limitations
A previously reported 6-month follow-up did not show a relationship between the type of cerebral lesion and mortality.(10) However, long-term follow-up, including neurological assessment, is needed to evaluate the prognostic value of small ischemic lesions and microbleeds, in particular their consequences on cognitive functions.
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Summary
In addition to territorial ischemic lesions, systematic cerebral MRI during IE also frequently detects small ischemic lesions, which share the same predictive factors, i.e. vegetation length and the type of microorganism. The high sensitivity of MRI shows that vegetations >4 mm length are associated with cerebral embolic lesions. Microbleeds are also frequently detected, but seem to be independent from ischemic lesions and are not associated with predictive factors of embolic events. The clinical impact of these lesions on long term mortality or cognitive functions needs to be evaluated by specific follow-up studies. 
